Purpose: The effect of timing of onset of necrotizing enterocolitis (NEC) on outcomes has not been determined for the full-term infant. In this study we aimed to characterize the full-term NEC population and to evaluate onset of NEC. Methods: We performed a two-center retrospective review of all full-term infants (≥ 37 weeks) with a diagnosis of NEC between 1990 and 2012. Patients were identified by ICD-9 and age. Early onset for NEC was ≤ 7 days and late onset after 7 days of life. Demographics, comorbidities, maternal factors, clinical factors, surgical intervention, complications, and mortality were evaluated. Wilcoxon's test was performed on continuous variables and Fisher's exact test on categorical data. A p-value b 0.05 was considered significant. Univariate outcomes with a p-value b 0.1 were selected for multivariable analysis. Results: Thirty-nine patients (24 boys, 15 girls) with median EGA of 39 weeks were identified. Overall mortality was 18%. Univariate predictors of mortality included congenital heart disease and placement of an umbilical artery (UA) catheter. Multivariate analysis revealed late onset of NEC to be an independent predictor of mortality (OR 90.8, 95% CI 2.6-3121). Conclusion: Full-term infants who develop NEC after 7 days of life, have congenital heart disease, and/or need UA catheterization have increased mortality. © 2014 Elsevier Inc. All rights reserved.
The pathogenesis of necrotizing enterocolitis (NEC) in infants remains incompletely understood. Most commonly, NEC occurs in the premature infant, with less than 10% occurring in full-term neonates [1] . The common end point is dysfunction of the gut barrier with subsequent bacterial invasion, secondary injury, and progression to intestinal necrosis. In the premature infant, this is thought to be due to immature mucosal defenses, abnormalities in intestinal perfusion, and/or pathologic colonization of bacteria [2] [3] [4] . In the full-term infant, multiple clinical factors have been associated with onset of NEC, including perinatal hypoxic events, congenital heart disease, thrombotic conditions (e.g. polycythemia), endocrinopathies, perinatal sepsis, and possibly mode of delivery [1, [5] [6] [7] .
It is not known whether the underlying pathophysiology of NEC in the term infant is distinctly different from that in the premature infant. In addition to the frequent presence of significant co-morbidities, term infants are frequently reported to present with NEC earlier in postnatal life [1, 7] . Recent evidence suggests that time of onset of NEC can result in a difference in clinical outcomes among preterm infants [8, 9] . There also appears to be a similar bimodal distribution of NEC onset in term infants. To our knowledge evaluation of timing of NEC onset and its relation to outcome has not been conducted in the full-term infant. In this study we aim to evaluate differences between full-term infants with NEC who present early compared those who present late. The findings may help to better understand underlying pathophysiologic abnormalities in order to optimize care.
Methods

Patient Population
We performed a two-center retrospective review of all full-term infants (≥ 37 weeks) with a diagnosis of NEC between 1990 and 2012. Charts were identified by including ICD-9 codes (777.5-777.6) and were reviewed to verify diagnosis of NEC and gestational age. Term infants determined to have Bell's stage 2 or 3 NEC were included. Term infants with possible Bell's stage I NEC were excluded from analysis. Infants who had an estimated gestational age less than 37 weeks were also excluded from the study. The subject met inclusion criteria for NEC if he/she had evidence of Bell's stage II or greater and had diagnosis of NEC documented in the chart with signs and symptoms that included temperature instability, apnea, bradycardia, lethargy, pneumatosis, metabolic acidosis, peritonitis, and/or pneumoperitoneum [10] .
Similar to a previous publication, early-onset NEC was defined as development of NEC during the 1st week of life (≤ 7 days) and lateonset NEC as any time after day 7 of life [9] . Prior to data collection, institutional review board approval was obtained at both institutions.
Description of Variables
Multiple demographic factors including gender, gestational age, birth weight, mode of delivery (e.g. vaginal vs. cesarean section), and APGAR scores at 1 and 5 min were recorded. Additional co-morbid conditions were recorded and included congenital heart disease (cyanotic vs. acyanotic with asymptomatic lesions such as a transient PDA or PFO that are associated with transition from fetal life excluded), perinatal hypoxic event (desaturation event requiring intubation and/ or cardiopulmonary resuscitation), documented hypoglycemia (defined as glucose b 40 gm/dl), presence of an endocrinopathy (e.g. hypothyroid, congenital adrenal hyperplasia), perinatal sepsis (documented by the presence of positive blood, urine, or stool cultures and presence of systemic inflammatory response syndrome (SIRS) as defined by Goldstein [11] ), hypercoagulable state (defined as presence of a genetic hypercoagulable state or severe polycythemia), any congenital anomaly, and any genetic disorder. Maternal factors that were evaluated included the presence or absence of pre-eclampsia, pregnancy induced hypertension (PIH), and use of alcohol, tobacco, or elicit substances. Other assessed clinical factors included whether the child was a singleton pregnancy, had umbilical artery catheterization, age at first feed, time from first feed to full feed, use of breast milk or formula feeds, presence of milk protein allergy, Bell's stage of NEC (II or III), age at onset of NEC, days of nasogastric decompression, medical or surgical management, any surgical complication, indication for surgical intervention, type of surgical intervention, operative intervention prior to onset of NEC, length of NICU stay, and mortality.
Statistical Analysis
All data were recorded into a standardized spreadsheet program (Microsoft Excel©, Seattle, WA). Statistical analysis was performed using the R software (www.R-project.org). Association between outcomes and covariates was analyzed using Fisher's exact and Wilcoxon test. Multivariable analysis was done using logistic regression. A p-value b 0.05 was considered significant. Multivariable analysis was performed on variables with p b0.1 using multiple stepwise logistic regression model, using the R software.
Results
Thirty-nine patients were identified (24 boys, 15 girls) with Bell's Stage ≥ 2 at a median gestational age of 39 weeks. (Table 1 ) Three additional patients were determined to have Bell's stage I NEC, and were excluded from analysis. Most children were born via spontaneous vaginal delivery (n = 27, 69%) and median APGAR scores were 7.6 at one minute and 8.2 at five minutes, respectively. More than one third (38%) of children were born to mothers with perinatal risk factors. These include illegal narcotic use (cocaine n = 3, methamphetamines n = 1), intrapartum infection (syphilis n = 2, rubella n = 1, other non-specified infection n = 3), maternal diabetes mellitus requiring insulin (n = 3), and pregnancy induced hypertension requiring treatment (n = 2). Early perinatal infection was present in the majority (64%) of these infants and included documented bacteremia (Klebsiella n = 3, Escherichia coli n = 3), suspected or unspecified bacteremia (n = 10), Rotavirus (n = 3), Clostridium difficile (n = 3), and Congenital Syphilis (n = 3). Other previously reported risk factors of necrotizing enterocolitis were also found in our cohort of patients, including perinatal hypoxic events (n = 10), congenital heart disease (cyanotic lesions (n = 5), noncyanotic lesions (n = 4)), endocrinopathy (hypoglycemia (n = 4,) hypothyroidism (n = 2)), persistent hypertension (n = 1), milk protein allergy (n = 2), hypercoagulable state (protein S deficiency (n = 1), and polycythemia (n = 4)) ( Table 1 ). In addition to these previously reported risk factors we identified a relatively large percentage (18%) of patients with genetic disorders (Cystic Fibrosis (n = 2), Phenylketonuria (n = 2), Trisomy 21 (n = 3), Turner syndrome (n = 1), Smith-Lemli-Opitz (n = 1)). One patient was also eventually diagnosed with Hirschsprung's disease by suction rectal biopsy and later underwent a definitive pull-through procedure.
When comparing children with early (≤ 7 days) vs. late (N 7 days) onset of disease, we found significant differences between the two groups on univariate analysis. Some characteristics of patients with early onset and late onset NEC are summarized in Table 2 . The mean age of NEC onset in the early group was 2.5 ± 1.6 days and 25.1 ± 14.4 days in the late group (p b 0.001). Infants with late onset NEC were more likely to have a genetic abnormality (46% vs. 7%, p = 0.01) and to have had a previous operation prior to the development of NEC (36% vs. 0%, p = 0.004). Reasons for operation prior to NEC included repair of congenital heart disease (n = 3) and intestinal malrotation without volvulus (n = 1). There was also a trend for the late onset group to have an increase in associated congenital anomalies (55% vs. 21%, p = 0.06), non-operative or medical management (65% vs. 29%, p = 0.07), and mortality (36% vs. 11%, p = 0.08). No significant differences were found between groups with regards to age at 1st feeding, need for operative exploration, or length of stay. Multivariable analysis revealed only late onset of NEC to be an independent predictor of mortality (OR 90.8, 95% CI 2.6-3121). Risk factors for mortality from NEC in the term infant were analyzed (Table 3 ). Significant univariate predictors of mortality included congenital heart disease in (57% vs. 16% p = 0.04), and umbilical artery catheterization (57% vs. 3%, p = 0.002). There was a trend for increased mortality among those with significant perinatal hypoxic events (57% vs. 19%, p = 0.06), older age at onset (57% vs. 19%, p = 0.06), and those with genetic anomalies (43% vs. 13%, p = 0.09) ( Table 3 ).
Discussion
This is the first study to evaluate and report differential outcomes between term infants who develop NEC in early (≤ 7 days) versus late (N 7 days) postnatal life. All children in this study had some unusual or significant factor that may have predisposed them to NEC. Perinatal sepsis, hypoxic events, congenital heart disease, infectious issues, and maternal factors were especially prevalent. Nearly 10% of children had documented intrauterine exposure to cocaine or methamphetamines and more than 10% were exposed to maternal infections including rubella and syphilis. Among the observed factors in this study, congenital heart disease, need for umbilical artery catheterization, and late onset of NEC were associated with increased risk for mortality Congenital heart disease has been frequently associated with increased risk for NEC. This is thought to be secondary to hypoxia and/ or decreased blood flow to the mesenteric vessels. Nine of our patients had congenital heart disease with five patients in the early onset group and four patients in the late onset group. Four of the patients who died (1 early-onset NEC, 3 late-onset NEC) had a combination of congenital heart disease and other congenital anomalies. One additional patient who survived with a combination of congenital heart disease and congenital and genetic anomalies was in the late onset NEC patient. Cardiac surgery accounted for three of the surgeries performed prior to the onset of NEC in the late onset group. Poor intestinal perfusion secondary to the underlying heart disease or low flow state during cardiac surgery may have contributed to the onset of NEC. Patients who had a combination of heart disease and other anomalies appeared to be at particularly high risk for lateonset NEC and mortality. Umbilical artery (UA) catheterization was also found to be a significant risk factor for mortality in our patient population. The UA catheter itself has also been theorized to mechanically decrease mesenteric blood flow and place patients at risk for NEC. Rand et al. used duplex Doppler sonography to demonstrate decreased mesenteric blood flow in neonates with umbilical artery catheters in place [14] . The difference in mortality may also be simply because infants who are more systemically ill would be more likely to have a UA catheter placed for monitoring. These patients may include infants with congenital heart disease, hypotension, hypoxia, or other congenital anomalies that may increase their risk for development of NEC.
Previous studies have differed greatly regarding time to onset of NEC in the term and preterm infant. Studies by both Yee and Llanos demonstrated that younger preterm infants tended to present with NEC later than older preterm infants. Surgical intervention was more common in the early onset, older gestational age patients [8, 15] . In a retrospective review of 30 term infants with NEC, Lambert et al. reported the median age of NEC onset to be 12 days. They did not note a bimodal distribution [5] . They reported similar rates of congenital heart disease and that the infants in their population also had many associated illness and anomalies. Bolisetty and colleagues reported differential median onset of NEC based on presence or absence of endocrinopathy (median 20.5 days), congenital heart disease (median 4.0 days) and presence (median 8.0 days) or absence of congenital diseases (5.5 days). While their findings suggest that the underlying pathophysiology may help determine time to development of NEC, their findings did not reach significance [12] . A previous retrospective study of 10 patients with a comparable rate of surgical intervention (70%) reported that 90% of their cohort developed NEC by day of life four [13] .
In our patient population of full-term infants, we have found a skewed distribution of onset of NEC with an early peak between one and seven days followed by a long tail (Fig. 1) . The early onset group with age ≤ 7 days (n = 28) developed NEC at 2.5 ± 1.6 days while the late onset with group with age N7 days (n = 11) developed NEC at 26.9 ±14.0 days of life (p b 0.001). The median overall age of NEC onset was 8.7 ± 12.8 days. The infants in our study who developed NEC after day of life seven had a higher incidence of genetic anomalies (e.g. Down's syndrome), associated congenital anomalies, previous surgical intervention, and a significant increased risk of mortality. NEC is thought to have a multifactorial etiology and it is possible that stressing the infant with procedures or conditions associated with intestinal hypoperfusion (e.g. surgery) in the setting of multiple anomalies may predispose infants to development NEC. Two of our late-onset NEC patients who died had hypoxic cardiac defects that would place them at higher risk for intestinal hypoperfusion. Fig. 1 . Distribution of NEC onset in the full term is skewed with an early peak between days of life one and seven followed by a long tail.
The patient population in this full-term NEC cohort was very diverse and had some diagnoses different from those found commonly found in preterm infants. Several of the patients in our study had intestinal infections not commonly associated with preterm infants. These included documented infections with C. difficile, Rotavirus, congenital syphilis, and E. coli 0157:H7 infection. This may be related to the different intestinal microbiome of the term infant as well as exposure to potential infectious sources for the infants who had been discharged to home prior to their diagnosis of NEC. In addition, at least two of the patients were thought to have NEC secondary to severe milk protein allergy. This can present in a very similar fashion with abdominal distension, pneumatosis, blood in the stool, and feeding intolerance. One patient that met the diagnostic criteria for NEC was subsequently found to have Hirschsprung's disease as confirmed on suction rectal biopsy. The patient was treated with bowel rest, antibiotics, and irrigations and later underwent a definitive pull-through procedure. In retrospect, the patient did meet inclusion criteria for NEC, but the presenting diagnosis in this patient may have been Hirschsprung-associated enterocolitis. These patients reinforce the need to maintain a high index of suspicion when evaluating term infants with the diagnosis of NEC and to look for etiologies of NEC not commonly associated with preterm infants. Although the clinical picture of intestinal dysfunction and inflammation may be a common pathway, the etiology of NEC in the term and preterm infants may be different.
While our study reflects patients from two centers and is the largest reported series of NEC in the term infant, it has a number of limitations. It is retrospective and we are limited by the retrospective nature of the study with inherent risk of selection bias and reliance on the accuracy of the medical record. The relatively small number of patients underpowers the analysis, making it difficult to determine if other differences in demographic factors impact patient outcomes. The study also takes place over a long time period and outcomes from many patients may not reflect outcomes from current treatment algorithms. While all operative notes and radiographic images were reviewed for meeting inclusion criteria in these patients, misclassification bias is possible since some clinical features of spontaneous intestinal perforation, Hirschsprung's associated enterocolitis, bacterial enteritis, and milk protein allergy are similar to those of NEC.
Our data demonstrate that term infants in this study who developed NEC after day of life seven were at increased risk of mortality. This group was more likely to have undergone a previous operation, have a chromosomal anomaly, and to have non-operative management of their NEC. Term infants with NEC may also have conditions not normally associated with the preterm population and may require further investigation and studies. Due to the rarity of the condition, a multicenter prospective study is planned to better understand the pathophysiology of NEC in full-term infants.
